Background
Over the last few years, with the maturity of solid-state lighting (SSL) products, end-users are looking for more benefits from such products. On the other hand, with the reduction of manufacturing cost, lighting manufacturers have been looking for opportunities to add additional values to such products. These additional values were identified by the fundamental development of the non-visual benefits and risks that different types of light could impact. For example, several studies have shown that the short wavelength (blue near 480 nm) light suppresses human melatonin production in the evening, but improves human's circadian entrainment in the morning [Thapan, 2001; Lockley, 2003 , Cajoche 2005 . Other studies have shown very high-power LEDs can potentially damage human's retina under a long exposure time or direct viewing direction. Due to that, several international organizations have provided measurement methods to evaluate the risks [Zheng, 2011; Mou, 2013; Ticleanu, 2015; BeharCohen, 2011; Qiao, 2016] . Currently, there is a growing momentum of dynamic LED lighting systems that can change the light level and color over a certain programmed way thus to deliver a more customized solution or provide healthier lighting to space. However, no measurement of photometric, colorimetric characteristics, as well as -opic quantities of the SSL lighting products with dynamic control, have been systematically evaluated and well defined.
Introduction
In this study, a classroom was selected to test the applicability and effectiveness of the developed methodology. A total of nine SSL, dynamic lighting control fixtures, were installed before the measurement. The dynamic control was programmed into three settings: morning phase, afternoon phase, and evening phase. The original aim of such a system was designed to entrain student's circadian rhythm such that their cognitive function, sleep quality, and concentration can be improved. Furthermore, several China National Regula tions and Standardizations on lighting requirements in the classroom were reviewed to ensure the newly installed lighting systems are compatible. The three standards are GB7793 -2010 Hygienic standard for daylighting and artificial lighting in middle and el ementary school, TJYBZ005-2018 Technical specification for lighting design of classroom in primary & secondary school , and CQC 3155-2016 Energy conservation certification rules for lighting products used in classrooms in schools and kindergartens. The fundamental lighting factors such as the photometric and colorimetric performance are summarized in Table 1 . 
Measurement methods
For the measurement of dynamic lighting space, the light outputs of the lamps and luminaires in illumination level and spectrum are variable with the time duration and task scenes. We proposed portable measurement devices to measure the integrated lighting effects in a given space. These devices are able to collect the photometric and radiometric quantities over the usage of the space. Unlike conventional measurement, which the measure is less time sensitive, our method that locates the measurement equipment at the architecture space , provides the quantification of the visual and non-visual performance through the entire usage of the space. Here, the measurement devices were used to evaluate the classroom lighting quality with a commercially available dynamic controllable LED lighting system.
Visual performance assessment

Illuminance level and uniformity on task plane
The illuminance at the desk and blackboard were measured after the lighting system has been turned on for 15 minutes. Two illuminance orientations were recorded: vertical for blackboard and horizontal for desk. A total of 49 locations were evenly spaced for the horizontal measurement (Table 1) , and 30 locations for the vertical measurement was measured on the blackboard surface (Table 2) . 
Flicker measurement
In the case of dynamic lighting, the flicker is generally significant in the low illuminance level with low duty ratio for PWM (Pulse Width Modulation) driven light sources. A PMT (Photomultiplier tube)-based flicker photometer with fast response (<1 us), and high sensitivity(0.01lx) is recommended. A TLA-310 flicker photometer provided by SENSING was used to measure the light modulation as a function of frequency as well as the illuminance waveform over time. The measurement recorded the temporal illuminan ce wave at the task plane. The calculation can be referred to IEEE 1789/IESNA/CIE TN006. An example of the recorded result is shown in Figure 1 . In this case, the lighting system tested result is shown in the red dot (1.78 kHz, 57.2%) in the left image, and the illuminance waveform was plotted. 
Glare measurement
The glare value is determined at the maximum light output of the luminaires. A spectral imaging luminance meter (MPR-220) that includes a CCD spectroradiometer, 2D imaging photometer and a spatial angular sensor, is applied to measure the luminance profile and position factor of each luminaire, and the background luminance for calculation of glare value (UGR=15.6) according to GB7793-2010. 
Photobiological safety evaluation
Currently, IEC TC76 has started in the work of classifying the optical radiation safety on different lighting products. In classroom lighting applications, a few of blackboard lighting luminaires with high intensity and narrow beam profiles is one of the most challenging tasks to achieve high illumination level and uniformity on the blackboard. Thus, array arranged high power LED modules were used in these luminaires. Due to that, such products may often categorize into RG1 (Risk Group 1), or even RG2. Therefore, it is essential to determine the potential hazard. An RMP-200 manufactured by Sensing was used in the measurement. The system has an iris at the front entrance pupil location of the optical imaging lens to create the same optic geometry as the human eye optic. Besides, the iris is set at 7 mm to mimic the eye pupil. It evaluates the blue light hazard within specified FOVs (Mou 2013) In most general lighting application products, due to the light level requirement is low, most products are categorized under the exempt group (Zheng 2011) . In this case, the product is double checked under the risk group classification procedure to demonstrate the evaluation procedure. 
Circadian effects
The measurement determines how much circadian entrainment the eye received during the daytime lighting exposure, or how much melatonin suppression the body received in night time.
A pose was attached onto the portable spectro-luxmeter and then mounted onto the student's desk to record spectral irradiance of the illumination continuously. The height was adjusted to match the average height of the students' viewing height (distance between the eye and the table top). The spectrum output in the vertical task plane is important to mimic the human eye location thereby to accurate estimate the number of photons ar rive at the retina. In this case, the measurement system adopted the circadian stimulus value [Rea 2011 ] and α-opic quantity [CIE S026 2018] relating to five photoreceptors to evaluate the entrainment or melatonin production over the course of the day inside the classroom.
There are six different lighting models used in the classroom application, including Circadian lighting, Table lighting , Media lighting, Test lighting, Self -study lighting and Lecture lighting. The circadian lighting is the light output by dynamic adjustment of the lighting system based on the data sheet of circadian 24 hours. The variable quantities of the dynamic lighting were recorded in timing. As an example, the measured horizontal and vertical illuminance levels, and circadian stimulus [Rea 2010 ] and melanopic irradiance [CIE S026 2018] at vertical plane at three time points of the circadian lighting condition are shown in the Table 3 . 
Summary
Our method provides a better quantification on how dynamic lighting behaves. In addition, that our method provided more useful information on how human received the light stimulus from the environment. The method provides a new way of thinking light and lighting methodology. It provided a starting point to consider the future of light measurement. The portable device can accurately measure the visual and non-visual performance of a dynamic lighting environment in a school classroom and an open office. The market needs to provide guidance on how to -opic quantities. In the future, the time domain shall be also considered.
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